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Introduction
Analyses of measures of ovulation rate in consecutive estrous cycles of heifers in the twinning project at the U.S. Meat Animal Research Center [Van Vleck et al., 1991) with two different models produced different estimates of heritability. Analysis with a multivariate animal model with ovulation rate at each of eight consecutive estrous cycles considered as different traits resulted in a n average heritability estimate of . 16 for the eight cycles. The average of the 28 phenotypic and genetic correlations among the eight cycles were .12 and 36. Analysis with a repeated-records animal model, conversely, resulted in an estimate of heritability of .10 and repeatability of .12. The multiple-trait analysis included eight measures on 610 heifers and the repeated-records analysis included 840 heifers with an average of 8.23 records so that some had fewer and others more than eight records. Despite the relatively small sample sizes and the difference in data, a reason for the difference in estimates of heritability was wanted. What was J. Anim. Sci. 1992 Sci. . 70:2994 Sci. -2998 first noticed was that among the eight measures there were no obvious patterns in the genetic and environmental correlations. Intuitively, heritability would be expected to be the same for each cycle and the genetic correlations between pairs of cycles over a time period of only 24 wk would be expected to be nearly unity. The observations, however, were either 1 or 2 and were not continuous. The average estimate of genetic correlation multiplied by the average estimate of heritability was similar to the estimate of heritability from the repeated records model: (.66 )(.16) = .1056. Also, the average phenotypic correlation of .12 from the multitrait model was the same as repeatability from the repeated-records model, as would be expected. The purpose of this paper is to provide a n approximate statistical explanation for such a result. That explanation was then tested by comparing estimates from the multiple-trait analysis with estimates from the repeated-records model for 100 sets of records simulated with the design based on actual measures of ovulation rate on 610 heifers.
Materials and Methods
Statistical Explanation. The following model and development are simpler than the actual models used but should be sufficient to show why the < and V(gij) = $ for j z j' assumes animals are unrelated, which will not be true for all animals in the animal model analyses). The three quadratics used for a between-and within-animal model using Henderson's Method 1 (Henderson, 1953) are shown in Table 1 with their expectations under the correct model. Table 1 shows that the expectations of the estimators are as follows: The usual repeated records model assumes rg = 1 and a common environmental covariance among pairs of measures. If re is nearly zero, then what was observed in the analyses of actual data would correspond to the estimate of heritability (i.e., hk = (rgh2)M with h i , the heritability for the repeated measures model, and (rgh2)M, the product of the average genetic correlation and average heritability for the multiple-trait model).
With this model, the phenotypic correlations between pairs of measures are (. , . "g + re<)/(< + 41 for both the repeated-measures and multipletrait models. Thus, if (rgh21M is used to predict h i , then ( r p )~ -(rgh2)M could be used to predict ck, the fraction of variance due to permanent environmental effects in the repeated-records model. These predictors from the multiple-trait model assuming equal heritabilities and genetic and phenotypic correlations were then compared with those obtained from a repeated-records animal model for 100 sets of simulated data (10 combinations of underlying parameters with 10 replicates).
SirnuZuted Datu. Simulated data sets from a previous study of the effect of transforming multivariate, normal variables to multivariate, binomially distributed variables on estimates of heritability and genetic and phenotypic correlations were available. The simulation procedure was described 
Results and Discussion
Simulation results are summarized in the last three columns of Table 2 (average of h2, c2, and r for 10 replicates for each of the 10 parameter combinations) and in Table 3 (empirical standard deviations as well as the largest and smallest estimates of h2 and r for the 10 replicates).
Comparison of the middle three and right three columns of Table 2 confirms the algebra of the simple model used to develop the relationship between the analyses with multipletrait and repeated-records models. In fact, the first few replicates showed this result. Comparisons for individual replicates agreed well, although with more variation than with the average of 10 replicates. The most noticeable pattern shown in Table 2 is that repeatabilities from the repeatedrecords analyses and phenotypic correlations from the multiple-trait analyses were essentially equal, as might be expected. The average heritability and genetic correlation for the multivariate model underestimated heritability slightly for the repeated-records model for the first eight combinations of underlying parameters but not for the last two, which on the underlying normal scale had large genetic correlations with corresponding zero or slightly negative environmental covariances. Consequently, for the first eight combinations the c2 term for repeated records was overestimated from the multivariate model and underestimated for the last two combinations of parameters. These results may be due to environmental covariances in the multivariate analyses being in the genetic component of variance in the repeated-records analysis. Nevertheless, differences between the heritability and c2 terms for the repeated-records model and those predicted from the multivariate model are slight for the parameter combinations simulated.
The empirical standard deviations with 9 df shown in Table 3 for heritability estimates are relatively similar for all combinations of parameters. Thus, the pooled standard deviation would be about .020, which would be a n approximate standard error for the heritability estimate of .12 shown in Table 3 of Van Vleck et al. (1991) for the data set for ovulation rate. The standard deviations of repeatability estimates are slightly smaller than for heritability estimates.
Conclusion
When assumptions for a repeatability model are wrong, then the consequence may be that heritability is underestimated, as found in this study. The assumption violated in this study is the assumption implied in a repeated-records animal model that the genetic correlation between consecutive records is unity. Another assumption of a repeatability model is that the environmental correlations are the same for all pairs of records, but that problem was not addressed. Multivariate covariance estimation from an actual data set yielded average genetic correlations of about .66. In retrospect, that result suggests that the repeated-records model is incorrect for these data. The intuitive assumption was that the genetic correlation among all pairs of measures was near unity. In fact, the genetic correlation on the normal scale may be near unity because truncation of normal variables with high genetic correlations to binomial variables seems to decrease the apparent genetic correlations to 50 to 60% of those on the normal scale (Van Vleck and Gregory, 19921. That the apparent heritability for a repeated-records model is approximately the product of genetic correlation and heritability from a multitrait analysis was confirmed for combinations of parameters used for simulation. The algebraic explanation is somewhat limited by the simple model used because of the difficulty of doing the algebra with a n animal model involving a numerator relationship matrix. Despite that limitation, the algebraic explanation, although an approximation, was effective in all 100 data sets in predicting the variance estimates for a repeatedrecords model.
Implications
The simulation and the algebraic approximation show that failure of a statistical model to account for covariances among genetic and environmental effects on repeated records can lead to biased estimates of parameters such as heritability that are used in selection programs. To determine whether such biases will result in serious errors in selection will require further analysis. .Ol9 .151
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